A new BEDT-TTF-based salt with an organic free radical TEMPO has been prepared.
In other words, the spin is located on a 'bare' orbital, which can potentially overlap directly with another orbital which contains a localized spin or conduction electron. Therefore many researchers have introduced organic radicals in organic conducting salts. For example, charge-transfer (CT) salts of free radical substituted organochalcogen donors [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , CT complexes of free radicals and acceptors [17] [18] , CT salts of free radical substituted cations and acceptors [19] [20] [21] [22] [23] , have been reported.
For more than five years, we have focused on preparing new organic magnetic anions that include the organic free radical tetramethylpiperidine-1-oxyl (TEMPO) with sulfonate (-SO 3 - ) for use as a counterion in (donor) n (anion)-type organic conductors [24] [25] [26] [27] [28] [29] [30] [31] . Recently, we prepared a sulfo derivative of TEMPO, TEMPO-NHCOCH 2 SO 3 -(1). 1 forms a CT salt of the donor, bis(ethylenedithio)tetrathiafulvalene (BEDT-TTF) with stoichiometry α-(BEDT-TTF) 3 (TEMPO-NHCOCH 2 SO 3 ) 2 ·6H 2 O [31] . This salt is a semiconductor and has a TEMPO···TEMPO interaction to form a 1-D ferromagnetic chain. Its temperature-dependent magnetic susceptibility is well described by a 1-D ferromagnetic Heisenberg model with J = +0.42 K.
In this paper, we report the structures and physical properties of the N-methyl derivative of 1, TEMPO-N(CH 3 )COCH 2 SO 3 -(2) prepared as a tetraphenylphosphonium (PPh 4 ) salt (3) and its electrochemically synthesized salt with BEDT-TTF, α-(BEDT-TTF) 2 (2)·3H 2 O (4). We also report the temperature dependence of electrical resistivity of 4 under high pressure.
Experimental
4-methylamino-TEMPO was prepared according to the literature method [32] (yield 66%). The acidic TEMPO-N(CH 3 )COCH 2 SO 3 H was prepared by reacting 4-methylamino-TEMPO (1.5 g, 7.8 mmol) with sulfoacetic acid (1.3 g, 9.4 mmol) in the presence of dicyclohexylcarbodiimide (DCC, 3.9 g, 19 mmol) and dimethylaminopyridine (DMAP, 2.3 g, 19 mmol) in 30 mL of CH 2 Cl 2 at room temperature with stirring overnight. Metathesis of the acid 1 with PPh 4 ·Br gave 3 as orange crystals, which were then recrystallized from acetone (yield 23%). X-ray diffraction data of 1 were collected on a Rigaku AFC-5R 4-circle diffractometer at room temperature. Plate-shaped crystals of 4 were obtained by the controlled-current electrocrystallization method [33] [34] in o-C 6 H 4 Cl 2 (15 mL) with 10 mg of BEDT-TTF and 70 mg of 3. Single crystal X-ray diffraction data of 4 were collected with a Quantum CCD area detector on a Rigaku AFC-7R diffractometer, at room temperature.
The electrical resistivity was measured by a standard four-probe method. The temperature-dependent electrical resistivity under static pressure was measured using a clamp-type pressure cell. The magnetic susceptibility of a polycrystalline sample from 2-300 K was measured using a Quantum Design MPMS-5S SQUID magnetometer.
Results and discussion
The crystal data of the PPh 4 salt (3) The packing arrangement of the donor layer is shown in Fig. 2 1.35(1), 1.358(9) , and 1.382(9) Å, respectively. We have used bond lengths to estimate the charge on each BEDT-TTF molecule [36] , which gives charges for A, B, C, and D of +0.85, +0.11, +0.36, and +0.80, respectively. This suggests that the positive charge is not equally distributed over the BEDT-TTF molecules but not completely localized as in charge disproportionation. Fig. 2(b) shows the crystal structure of the anionic layer. 
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. Also an N-O distance of 1.277(7) Å in the TEMPO moiety is observed, which is within the range reported for neutral TEMPO radicals (1.27-1.30 Å) [37] . It is noteworthy that the crystal has short S…O contacts between BEDT-TTF and TEMPO as shown in Fig. 1 . The distances are as long as the van der Waals distance (3.37 Å).
This suggests that the material may display a new phenomenon where the interplay between conduction and localized electrons plays a crucial role. emu/mol), suggesting that the electrons are localized on the BEDT-TTF molecules. The curve has a broad maximum around 100 K, which is a signature of a low-dimensional Heisenberg antiferromagnet. Indeed, the curve can be modelled well by a 2-D antiferromagnetic Heisenberg model [38] . The best fit [overlaid line in Fig. 5(b) ] is found with J = -89(3) K (124(3)% of spin concentration). The result suggests that the system has charge disproportionation, which is also indicated at room temperature by the X-ray diffraction data. However, the X-ray diffraction was measured at 297 K, at which point the system is located on the low temperature edge of the high temperature state (see Fig. 3 and 4) where the charge is not fully dispropotionated.
Lowering the temperature and so moving into the low temperature state then promotes more charge disproportionation. The occurrence of the charge disproportionation is likely to be the driving force for the phase transition. In addition, the donor arrangement has a dihedral angle (θ) between donor columns of 131.8-132.6° which is quite similar to that of θ-(BEDT-TTF) 2 
